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Abstract 



We calculate the semi-leptonic decays of A c and baryons which involve transitions 
of a heavy quark to a light quark . In a previous work we used data on the Cabibbo 
favoured non-leptonic decays of charmed baryons A c — > Air + and A c — > S + 7r° to obtain 
information on the form factors in the c — ► s transition. This form factor information 
is used to study the semi-leptonic decay A c — ► Mu. Using SU(3) symmetry and HQET 
it is shown how a knowledge of form factors in A c — ► Mv can be applied to A^ — > plv 
decay and used to measure \V u b/V C! 



■ cs| 2 - 



1 Introduction 

Recently there has been a measurement of the form factors in the semi-leptonic decay A c — > 
Ae + v e JI], where a fit to the data was done using the model of Korner and Kramer 0. The 
model, constructed within the framework of HQET, treats both the charm quark and the 
strange quark as heavy and considers l/m s expansion keeping m c oo. Even though the 
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model has only one input parameter, use of l/m s expansion is questionable and the omission 
of l/m c corrections is also not justified. For a heavy to light transition, for example of the 
type A c — > A, the use of HQET in the limit tuq — ► oo allows one to express all the form 
factors in terms of only two form factors [[3] . Semileptonic decays of A c have been studied in 
this limit @, |2|. In Ref. |5], || we constructed a model for the form- factors which takes into 
account 1/toq corrections for heavy-to-light transitions of the A type baryon (light degrees 
in spin state). In this work we use the form factors calculated in Ref. || to study the 
decays A c — > tdv and A& — > plv. 

The paper is organized in the following way. In the next section we present the formulae 
for the calculation of asymmetries and decay rates for the semi-leptonic decays A c — > Alv 
and A& — > plv while in the third section we present our results. 



2 Formalism 



Here we present the formalism for the semi-leptonic decays of A c — > Klv and A& — > plv. The 
hadronic part of the amplitude is the matrix elements of the weak quark current between 
baryonic states that is parametrized in terms of form factors. We define the six vector and 
axial vector form factors through the following equations 
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where g M = p^ — p ,fl is the four momentum transfer, Bq is the baryon with a heavy quark 
and B' is the light baryon. We have shown in Ref. |5|, |J that we can write the form factors 
in the above equation in terms of two form factors F\ and F2 provided some assumptions 
are made about the l/m c corrections. For both A c and A^ semi-leptonic decays we will work 
in the approximation that the lepton mass is negligible. The decay A c — > A s lui proceeds 
via A c -> A s W off - she u followed by W off _ sheU lv h Following we define the helicity 
amplitudes which are given by 
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where A2, \w are the polarizations of the daughter baryon and the W-boson respectively. In 
terms of the form factors the helicity amplitudes are given by 
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where Mi , M 2 are the parent and daughter baryon masses and the appropriate 

pole masses. The decay A c — > A s /z/; is analysed by looking at the two sided cascade decay 
A c — > A s [— > p7i~] + W[— > /^]. The normalized four-fold joint angular distribution for the 
decay A x — > A 2 [— > a(| + ) + &(0~] + W[— > lvi\ is given, following the notation in Ref. [0, as 
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where p = y/Q + Q-/2M\, the upper and lower signs in the above equation hold for the V~vi 
and l + vi leptonic final states respectively and Vq 1: q 2 is the CKM element for the Qi — > Q 2 
transition. The polar angles are defined in Ref. 0. By integrating over two of the angles 
one can look at the following distributions 
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oc 1 ± 2ct cos + a cos 6 



dq 2 d cos 6 
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dq 2 dx 32>/2 

The first distribution in the above equation gives the polar angle distribution for the cascade 
decay A s — > jwr - . The second distribution is the polar angle distribution for the deacy 
W — > lui, while the third distribution is the azimuthal angle distribution. The asymmetries 
are given by the expressions below || and will depend only on the ratio F® (u = 1)/ F®(oj = 1) 
in our model for the form factors 
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for unpolarized A c . For polarized A c one has similar decay distributions and we refer the 
reader to Ref. || for the relevant details. We give here the expression for the asymmetries 
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All the asymmetries have limiting values as q 2 q 2 max - All the polar asymmetries vanish 
at this limit while the azimuthal asymmetryies 7 — ► 2y / 2/3 and jp — > —1/3. At the q 2 = 
point however the limiting value of the asymmetries a, ap and 7p depend on the dynamics 
of the semi-leptonic decay and we will comment on this issue further in the next section. 
The other asymmetries a' and 7 tends to zero while a" tend to —1 in the q 2 = point. 
These asymmetries were studied for different representative values of the ratio r^K — /2//1 
which is related to the ratio r = F 2 °(u = 1)/F®(uj = 1) via tkk = r/(2 + r). The fit, 
performed by Ref. [l|], to the semileptonic decay data on A c — ► A s e + b> e uses the Korner 
Kramer (KK) model to extract r^K and the asymmetry a [JJ. Since, as already mentioned 
in the introduction, the KK model does not include l/m c corrections and the use of l/m s 
expansion is questionable, a more correct approach would be therefore to do a fit to the 
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semi-leptonic data including l/m c corrections to extract the ratio rirKK) arid hence the 
asymmetries. The formula for the calculation of the absolute decay rate for the semi-leptonic 
decay of baryons is given in Ref. [0] 



3 Results 

In our analysis we have studied the semi-leptonic decays for |r| < 1 and < F®(u = 1) < 1. 
In Ref. || we found the l/m c expansion to be valid for |r| < 1 and from the study of 
non-leptonic two body charmed baryon decays F®(u = 1) < 1 was obtained ( we assumed 
F®(uj = 1) > ). In our analysis we found that the 1/rriQ corrections depend on the value 
of r. As far as the l/m,Q corrections to the form factors are concerned for the A c decay the 
l/m c corrections to the form factors are < 50% for —0.62 < r < 1. For A& decays the 1/rrib 
corrections are small and are less than 30% for —0.48 < r < 1. Fig.l shows a(q 2 ) versus q 2 
for different r values. We note that for —0.5 < r < 1 the asymmetry a is not very sensitive 
to r. This feature is common to most of the calculated integrated asymmetries. In Fig. 2 we 
show a(q 2 = 0) versus r. In the KK model or in general with m c — > oo, a(q 2 = 0) = — 1 
for all r. Fig. 2 shows the effect of including l/m c corrections. Fig.3 and Fig. 4 show the 
predictions for the integrated asymmetries for different r for unpolarised and polarised A c 
and except for 7 we see that the integrated asymmetries are insensitive to r in the range 
—0.5 < r < 1. The l/m c corrections to the integrated asymmetries again depend on the 
value of r and can be as large as 40%. 

The decay rates depend on both r and F®(u = 1). So instead of calculating the individual 
decay rates for A c — > Klv and A;, — > plu, to reduce the uncertainties from these sources we 
calculate the ratio of the decay rates which will depend only on r as the factor F?(u = 1) 
cancels. Fig. 5 shows this ratio as a function of r with and without 1/mg corrections with a 
monopole and dipole form for the form factors. We see that the 1 / itlq corrections are small 
for the dipole form factors. The ratio above will receive corrections of the order ~ 
and higher where uiq is the c or b quark. An estimate of these corrections will depend on 
the value of r which can be extracted by performing a fit to the A c — > Ae + u e data. The final 
result can be written as 



where Rq is the ratio with mq 00 and Aj (r) represents the corrections to the ratio due to 
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l/rriq corrections to the form factors. Since we do not know r we can make an estimate of 



5 



the ratio above by using the value of r extracted from non-leptonic charmed baryon decays 
with dipole form factors | i.e r = r = — QA7{tkk = —0.31). We write 



r = To ± Ar 

Ro{r) « i2o(r ) ± Ari^(r ) (10) 

where R' {ro) is the derivative of Ro(r) at r = ro = —0.47, and where Ar may also include 
experimental uncertainties in extracting r. So an estimate of the ratio defined in eqn.(9) can 
be made through the following approximation 

r (A c Z Alu) W Ro{r ° )[1 ± Ari? o(^o)/i?o(r ) + A x (r ) + A 2 (r ) + ]|^| 2 (11) 

For monopole and dipole form factors we then have 

T(A b -> p^) _ 196 65[1 ± Q 7gAr + Q Q2 + Aa(ro) + ]|K6| 2 (12) 



and 



g£^g * 83.41[1 ± 0.94A, - 0.15 + A 2 (,,) + ]|^|» (13) 

Naively we can set A 2 (r ) ~ Ai(r )/2mQ and so we see that A 2 (r ) ~ .05 for the dipole 
form factors and A 2 (r ) is negligible for the monopole form factors. Measurement of the 
ratio R can be used to extract (K^I/lKsl- Clearly the largest uncertainty in R comes from 
the assumed q 2 dependence of the form factors and to reliably extract |Vu&|/|Ks| using R 
the q 2 dependence of the form factors must be measured. Our model for the form factors at 
to — 1 can be tested by studying the decay distribution in A c — > Alu. With enough statistical 
power such a study could determine the q 2 dependence of the form factors. So if our model 
for the form factors at u = 1 is tested successfully by doing a fit to the A c — > Alu decay 
distribution, and if r and information on the q 2 dependence of form factors extracted, we 
can use the ratio in eqn.(9) to determine |V^b|/|V^ s | with a small error. 

It is interesting to compare this method of extracting IK^I/IV^I and hence \V u b\ with 
other methods of extracting \V u b\. One method is to use semi-leptonic inclusive B decays 
and study the decay distribution near the end point of the spectrum in the narrow window 
2.3 < Ei < 2.6 GeV JTTJ. However in this region the b — > u transition is subject to large QCD 



radiative corrections as well as large non-perturbative corrections which are entangled with 
each other and theoretical calculations are model dependent. Another way to extract \V u b\ 
is through the study of exclusive B decays Jl2| and this approach is similar to our approach 
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with the difference that we are working with baryons instead of mesons. The calculations 
of form factors in exclusive decays of B mesons are done in specific models, like the quark 
model, or with chiral Lagrangian with heavy meson. In Ref. it is suggested that \V u b\ 



may be extracted from the ratio of the lepton distribution in B — > irlv and D — ► irlv 
with an theoretical uncertainty of 10-20 %. The relevant form factors are calculated up 
to order 1 / txiq in the soft pion limit with the additional assumption that only intermediate 
states degenerate with the ground state meson contribute and so the calculations of the form 



factors are model dependent. In Ref. [14]] the ratio of the lepton distribution in B — > plv 
and D — > plv at maximum q 2 is used for an extraction of \V u b\. The I/ttiq corrections are 
calculated in quark model and the theoretical uncertainty in the measurement of \V u b\ is 
small. However at maximum q 2 the decay rates vanish, actual measurements are performed 
away from maximum q 2 where additional form factors contribute adding to the theoretical 
uncertainty in the measurement of \V u b\. Another approach to measuring \V u b\, which is 
the mesonic counterpart of our method, is given in Ref. (|[L5||) where experimental data on 
D —>■ K semi-leptonic decay are used to calculate the B — > tx semileptonic decay. The q 2 
dependence of the form factors is assumed to be of the monopole type, no I/tuq corrections 
are considered and the extraction of \V u b\ is found to depend on the value of fo s and fs 
whose values are not known very accurately. Since most approaches to extracting \V u b\ from 
B meson decays are model dependent and can involve significant theoretical uncertainties, 
extraction of \V u b\ using heavy baryon decays is interesting as it is possible that theoretical 
uncertainties in heavy baryon decays might be small. 

The predictions for the decay rates for T(A C — > Alv) and T(Ab — > plv) are subject to 
significant I/tuq corrections and may not be reliable. Nevertheless we give the predictions 
for the decay rates with r = —0.47 and F°(u = 1) = 0.460 

T(A C -> Mv) = 5.36 x 10 10 s _1 (14) 
T(A b ->plv) = |Kfe| 2 6.48 x lO 1 ^" 1 (15) 

The Particle Data Group gives T(A C -> Ae + X) = (7.0 ± 2.5) x 10 10 s -1 . Measurement of 
T(Afc — > plv) is likely to be made at LEP in the future. The numbers for the individual decay 
rates are calculated using |V CS | = 0.9745 0, the pole masses my = 5.37 GeV and = 5.80 
GeV[10] and the quark masses m& = 4.74 GeV and m u = 0.005 GeV|| 

In conclusion we have studied the semi-leptonic decays of charmed and bottom baryons 
involving transition of a heavy to light quark based on a model for form factors that includes 
1/tuq corrections. We also suggest a method for determining 
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3.1 Figure Captions 

Fig. 1 The asymmetry a(q 2 ) versus q 2 for some representative values of the form factor ratio 
r. 

Fig. 2 The asymmetry a(q 2 = 0) versus r. The m c — > oo prediction for a(q 2 = 0) is —1 for 
all r. This figure therefore shows the effect of l/m c corrections. 

Fig. 3 The average asymmetries as functions of r when the initial heavy baryon is unpolarised. 

Fig. 4 The average asymmetries as functions of r when the initial heavy baryon is polarised. 

Fig. 5 The ratio of the decay rates of T(Ab — > plv) /r(A c — > Mv) versus r. Rq and i? represents 
the ratio without and with 1/mg corrections. Monopole and dipole form for the form 
factors are used for the q 2 dependence of the form factors. 
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This figure "figl-l.png" is available in "png" format from: 
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